Cycling is not the primary mode of commuter transport in Hong Kong, yet cyclists are exposed to a high risk of injury and fatality in road crashes. It is essential to identify the significant factors contributing to severe injury among cyclists in Hong Kong. Aim: To evaluate the effects of significant factors, including demographics, temporal distribution, cyclist behavior, road conditions, and weather, on the risk of severe and life-threatening injury among cyclists in road crashes in Hong Kong. Method: The study was nested on a database known as Road Casualty Information System (RoCIS) which is a linked database between police traffic accident investigations reports and hospital injury records. A total of 682 victims were identified during the study period from 1 January 2004 to 31 December 2006. In particular, injured body part, demographics, helmet use, alcohol intoxication, weather conditions, road type and geometry, and collision characteristics of 682 trauma patients were the attributing variables of concern. The primary outcome measure was the injury severity of trauma patients which was classified into three levels: slight injury [Injury severity Scale (ISS) </=8], severe injury (ISS >/=9), and life-threatening injury (ISS >/=25). A multinomial logit regression model was established to evaluate the significance of factors contributing to severe and lifethreatening injuries among cyclists in road crashes. Results: The results indicated that middle-aged and elderly (35-54, RRR=2.48; and 55 or above, RRR=4.39) casualties and favourable weather conditions (2.56) significantly increased the risk of severe injury among cyclists. The presence of severe head injury (RRR=509.24), severe trunk injury (RRR=79.24), and the involvement of motor vehicles (RRR=27.18) substantially increased the risk of life-threatening injury to cyclists. Conclusions: Middle-aged casualties, the presence of head injuries, and the involvement of motor vehicles all increase the risk of more severe injury in bicycle-related crashes. Safety education and countermeasures should target at middle-aged and elderly cyclists and discourage cycling on the motorway. (Hong Kong j.emerg.med. 2011;18:136-143) RoCIS
Introduction
Increasing numbers of countries are encouraging cycling as an alternative to motorised transport. This environmentally friendly transport mode has become one of the key strategies of sustainable urban development, and has been supported by improvements in cycling infrastructure in countries such as Denmark, the Netherlands, Canada, and the United States. [1] [2] [3] [4] Various studies have attempted to identify the possible factors that contribute to the occurrence of cycling crashes and cyclist injury and mortality, including the age, gender, helmet use, and alcohol level of cyclists, and the geographical area, collision type, road class, trip purpose, and road environment. 2, [5] [6] [7] [8] [9] [10] [11] Other studies have attempted to determine the factors associated with injury severity levels and the likelihood of fatality in cycling crashes. [12] [13] [14] [15] The factors considered include lighting conditions, road width, weather, collision type, injury mechanism, and cyclist demographics and behaviour. In particular, helmet use has been found to be effective in reducing head injuries and thus mortality among cyclists involved in road crashes. 16, 17 Overseas, bicycles are commonly used for commuting, whereas in Hong Kong they are mainly used for recreational or commercial purposes. 18 Cyclists are exposed to a high risk of injury and fatality in road crashes in Hong Kong due to a lack of cycling infrastructure, the low usage of protective measures, and poor safety education. 18 There has been an increase in the proportion of road crashes involving bicycles in Hong Kong in the past decade from 5.3% in 1997 to 10.5% in 2006. 19 It is thus essential to investigate road crashes involving bicycles in Hong Kong, and to identify the factors that contribute to severe injury and fatality among cyclists. The findings should inform the planning and development of a better cycling infrastructure in Hong Kong.
The issue of cyclist injury severity in Hong Kong was first addressed in a study based on information on cyclist age, helmet use, collision type, and presence of head injury collected from a regional hospital. However, a shortcoming of this study was that it relied solely on data from trauma records, and did not consider factors such as road environment and crash characteristics. 20 Taking advantage of the comprehensive Road Casualty Information System (RoCIS) jointly developed by the Hong Kong Transport Department and Tuen Mun Hospital, 21 this study attempts to evaluate the significance of factors c o n t r i b u t i n g t o s e ve re a n d l i f e -t h re a t e n i n g injury among cyclists in Hong Kong, including the demographics, injured body part, helmet use, and alcohol level of cyclists, weather conditions, road type and geometry, and collision characteristics. A multinomial logit regression model was applied to model the association between significant factors and injury severity level, as measured by the Injury Severity Scale (ISS 
Method

Road Casualty Information System
The Road Casualty Information System (RoCIS) was jointly launched by representatives of the Hong Kong Transport Department, Hong Kong Police Force, and Tuen Mun Hospital in 2003 to link the trauma records of casualties admitted to the Accident and Emergency Department of Tuen Mun Hospital with accident records maintained by the Transport Department and the police. The objective of the system is to enhance the understanding of the injury severity levels and injury characteristics of road casualties in Hong Kong. [21] [22] [23] Whereas epidemiological research focuses on the relationship between injury severity, casualty characteristics, and injur y mechanism only, transportation engineering research addresses the relationship between crash mechanisms and injury severity level, for which the injury grading is not necessarily measured in a rigorous manner. 22 The RoCIS provides both a more accurate assessment of injury severity, injury characteristics, and injury consequence, and comprehensive information on the road environment and vehicle and crash characteristics, thus allowing robust analyses. In this study, the injury severity level of cyclists was measured with the widely used indicator of the Injury Severity Scale (ISS). 24
Data collection
To estimate the associations between significant contributory factors and the injury severity level of cyclists, information was collected from all trauma patients involved in bicycle crashes and admitted to the Accident and Emergency Department of Tuen Mun Hospital during the period 1 January 2004 to 31 December 2006. Using personal identity numbers, the trauma records of injured cyclists were matched with the corresponding accident investigation records maintained by the Transport Department and the Police. A total of 682 patients involved in bicycle crashes in the study period were successfully matched. A small number of cases were excluded due to missing information.
Scope of attributes
The information collected for each casualty included accident time (year, day of the week, and time of day), casualty gender and age, helmet use, alcohol intoxication, injured body part (such as head, trunk, and extremity) and Abbreviated Injury Scale (AIS) score, the presence of adverse weather, the number of lanes, road class, speed limit, and vehicle involvement. In particular, middle-age and elderly refers to those of age 35-54 and 55 or above respectively. In terms of injured body part, "head injury" refers to the head, face, and neck, and "trunk injury" refers to the thorax, abdomen, and spine. In this study, an AIS score of 3 was used as the cut-off point for a severely injured body part, because this score denotes a major injury. It should be noted that the records only indicate whether other motor vehicles, bicycles, pedestrians, or obstacles were involved in an accident, but does not necessarily imply a collision.
Results
Statistical analysis
Multinomial logit regression 25 was applied to evaluate the significance of factors contributing to the injury severity level of casualties involved in bicycle crashes.
The injury outcome was stratified into three levels: slight injury (an ISS score of less than or equal to 8), severe injury (an ISS score of greater than or equal to 9), and life-threatening injury (an ISS score of greater than or equal to 25) , where slight injury is denoted as the base outcome in the proposed multinomial logit model. An ISS score of 25 was used as the stratification point for life-threatening injury because evidence has shown that mortality rates increase significantly with ISS scores of 25 or more. 26 The influence of the independent variables on the injury outcome was revealed by the Relative Risk Ratio (RRR). A RRR of greater than 1 indicates that the corresponding attribute leads to a higher likelihood of the occurrence of either a severe or life-threatening injury outcome with respect to the base outcome, and vice versa.
Significant levels were taken at 5%. The overall statistical significance and goodness-of-fit of the multinomial logit model were evaluated by the maximum likelihood method. 
Demographics
Preliminary analysis
Before conducting the multivariate analysis of the significance of contributory factors to injury severity using the multinomial logit regression model, potential variables were first screened based on the results of a univariate analysis. Table 2 presents the results of the multinomial logit regression for injury severity level. The likelihood of severe injury was found to be associated with accident year, casualty age, and weather conditions. Cyclists involved in a road crash in 2006 (RRR of 0.41) had a lower likelihood of severe injury than in 2004 at a 5% level of significance. Middle-aged casualties (aged between 35 and 55; RRR of 2.48) were twice as likely to experience severe injury than young adults at a 5% level of significance. Elderly casualties (aged over 55, RRR of 4.39) were four times more likely to suffer a severe injury than young adults at a 1% level of significance. Cycling-related crashes that occurred in adverse weather conditions were less likely to result in severe injury (RRR of 0.39) at a 5% level of significance. Generally, the proposed model fit with the observations well (a likelihood ratio test statistic of 40.05) at a 1% level of significance.
Multinomial logit regression
Discussion
The objective of this study was to evaluate the significant factors contributing to severe and lifethreatening injuries among cyclists involved in road crashes in Hong Kong using a multinomial regression model.
First, middle-aged and elderly cyclists both had a significantly higher likelihood of experiencing severe injury. This is consistent with the findings of previous studies, [27] [28] [29] [30] and may be attributable to the physical vulnerability, safety perception, and cycling behaviour of older people. 2, 31 In Hong Kong, owners of restaurants and food stalls usually employ cyclists to deliver food ordered by clients far away from the restaurants or food stalls. Many of these "occupational cyclists" are middle-aged and even elderly cyclists who are usually not well educated. Many delivering destinations are in business areas or residential areas not accessible or connected by any bicycle lanes. These cyclists are forced to drive on major roads. In order to do more business and to shorten the turnaround time, these cyclists usually drive fast, carry a lot of goods, use short-cut or cycle on motorways, where the conditions are unfavourable and risky for cyclists. 31 In Hong Kong, any road safety education and awareness campaigns for bicycle safety should not only target on school age children or teenage but also on the middleaged and elderly cyclists.
Second, cyclists involved in road crashes that occurred in adverse weather conditions were less likely to sustain severe injuries. This is probably because cyclists compensate with increased levels of awareness and caution in unfavourable conditions. 32 However, other studies have argued that adverse weather conditions, such as fog, rain, and snow, increase the risk of fatality for cyclists. 27, 33 In any case, improvements in the cycling environment, including adequate street lighting and good pavement conditions, would reduce the injury risk for cyclists in adverse weather conditions.
Severe head and trunk injury and the involvement of motor vehicles increased the likelihood of lifethreatening injury in the survey population. This finding indicated that the use of protective devices such as a helmet should be promoted. Indeed, the magnitude of the kinetic force to which a casualty is subjected and the crash mechanism are the main determinants of the degree of injury to different parts of the body, and thus the overall injury severity level. 23, 30 Particularly pertinent factors include vehicle dimensions, vehicle speed and direction, and collision type. This information was not, however, available for this study.
The results of other studies indicate that cyclists were one of the least likely groups to report their injuries to the police in Hong Kong. 34 However, a variation in reporting rates may cause a reporting bias, with cycling injuries that could have attributed to a fall without the involvement of a motor vehicle, other cyclists, or pedestrians being less likely to be reported.
This study was limited by the lack of availability of comprehensive information on the collision characteristics of bicycle-related crashes that could contribute to severe and life-threatening injury among cyclists, such as road class, collision mechanism, collision speed, and cyclist and driver behaviour at the time of collision. These factors could be worth exploring, and likely to be significant in the design of a better cycling infrastructure and the development of 
Conclusions
Based on the linked information from trauma records and accident records, the results indicate that middleaged and elderly cyclists are more likely to sustain severe injuries. Cycling casualties with severe head and trunk injuries and that have been involved in incidents involving motor vehicles are significantly more likely to have life-threatening injuries. The results imply that road safety education, awareness campaigns, and enforcement should be targeted at middle-aged and elderly cyclists, and that the use of protective devices such as helmets should be promoted.
